A significantly higher proportion of female hamsters developed tumors than did males given the same dose of adenovirus-12 (Huie) at birth over a dose range from 105-°to 1070°TCD50 for human embryonic kidney cells. The 50% tumor dose (TD50) was calculated to be 105-90 TCD5o for females and 106.27 for males. Tumor response patterns induced with approximate TD50 inocula, 106.0 for females and 106-3 for males, were quite similar. The greater susceptibility of females was not found to be characteristic of a single strain of hamsters; nor was it attributable to a single lot of virus, to a single type of human cell used to produce the virus, nor to the degree of purification of the virus inoculum. The inoculation route did not appear to be of importance. Inasmuch as the foregoing extrinsic factors were of little influence, it was concluded that the mechanism is host-mediated, presumably hormonally controlled. The possibility that female cells, independent of host control, are more susceptible to adenovirus-12 oncogenesis than male cells has not been explored. Tumor regression occurred in 20% of the 211 tumors in males and in 15% of the 355 tumors in females. Adenovirus-12 T-antibody was detected in all but six of 473 sera tested from tumor-bearing hamsters and in 50% of 94 sera tested from nontumor-bearing animals given virus at birth. Antibodies in the latter group were detected alrnost exclusively by indirect immunofluorescence. This technique appears to be extremely sensitive for detection of low levels of adeno-12 T-antibodies. The implications of T-antibody in nontumor-bearing virus-injected hamsters are discussed. Sera from normal hamsters were free of T-antibody.
Previously, we reported that male Syrian hamsters (Mesocricetus auratus) were more resistant to adenovirus-12 oncogenesis than were females (15) . A similar observation has been reported by McFarlane and Embil (5) and personally communicated by John Trentin. In addition, Robert Hull (personal communication) has noted a similar situation with the oncogenic simian adenovirus, SV-20, but not with Suggested explanations have attributed the difference to hormonal influence, karyologic differences between sexes, peculiarities of the virus preparations and dose, and properties of the hamster strain. This report describes studies which indicate that the resistance is not associated with a single strain of hamsters and is independent of virus dose and virus production methods.
MATERIALS AND METHODS
Virus. Adenovirus-12 seed stock of prototype strain Huie was supplied by Robert Huebner of the National Institutes of Health. Initial passages and pools were made in HeLa cells free of pleuropneumonia-like organisms. For experimental purposes, certain virus pools were prepared in primary human embryonic kidney (HEK) cultures. Passage history is shown in Table 1 . HeLa cells and primary HEK cells were grown in Eagle's basal medium containing 10% agamma or fetal calf serum. Virus pools were produced in cultures maintained with Eagle's basal medium or medium 199 containing 2% fetal calf serum.
Certain virus pools were concentrated and then purified by CsCl density gradient techniques. Duplicate titrations of three or more samples from each pool were performed in primary cultures of HEK. Titers were calculated according to the method of Reed and Muench (10) where P = the number of groups with this observation and N = the number without this observation.
In order to visualize the relationship between virus dose and tumor incidence, the overall tumor incidence by sex for 259 hamsters (134 males and 135 females) given 1060 TCD5o and 429 hamsters (211 males and 218 females) given 106 3 TCD5O was plotted against log10 of virus dose on normal probability paper (Fig. 1) One other extrinsic factor, the route of virus injection, may require examination. However, some data on normal hamsters given 0.05 ml (107-TCD5o) of purified adenovirus-12 intravenously at birth (via the patent umbilical vein) indicate that tumor incidence among hamsters sacrificed from the 16th to the 22nd day postinoculation, was slightly higher in females (experiment 23, Table 2 ). In another experiment, to be described in detail elsewhere, 100% of 16 animals given 1080 TCD5o intravenously at birth produced adeno-12 tumors within 31 days, regardless of sex. However, the animals in this latter study (experiment 24, c Animals sacrificed at 120 days of age.
both animals resembled typical adeno-12 tumors grossly and microscopically as described by others (1, 2, 6, 7, 9, (12) (13) (14) . Of the 89 sera tested from the 94 hamsters in which tumors regressed, all but 4 were reactive by IF, whereas only 29 of the 76 sera tested by CF from this group were positive. This indicates that the indirect IF test is a highly sensitive method for detecting low levels of adenovirus-12 T-antibodies. Rapp et al. (9) have reported a similar experience.
A further example of the IF sensitivity is apparent from the serological tests on sera from hamsters which, although given virus at birth, did not develop tumors. T-antibodies were detected at 1: 3 dilution by indirect IF in 47 sera of 94 tested; only 2 of these sera were positive by CF at the 1:10 dilution. The IF reactions with these sera were less intense than with the CF-positive sera from tumor-bearing hamsters, but were similar in intensity to reactions obtained with CF-negative sera from tumor-bearing hamsters. The distinctive IF staining pattern pathognomic for adenovirus T-antigen (3, 4, 8) was readily obtained with all sera designated as IF-positive. All sera tested from animals not given adenovirus-12 virus were consistently nonreactive by either test. The presence of T-antibodies in 50% of the sera from virus-injected animals that did not form detectable tumors indicates that Tantigen was synthesized in immunologically stimulatory amounts in these animals.
DIscussIoN
These studies have extended and confirmed our original observation that a greater proportion of female hamsters develop tumors when inoculated subcutaneously at birth with adenovirus-12 than do male hamsters (15) . This observation has been a consistent finding over a 100-fold differential in virus inoculum, i.e., from 105 to 107 TCD50.
The greater susceptibility of female hamsters is generally characterized by an earlier development of tumors and a more rapid appearance rate than in males; these differences are somewhat more pronounced with lower virus doses.
These studies have also established that the difference in susceptibility (or resistance) between sexes is not restricted to a single source of hamsters; both noninbred golden Syrian hamsters and inbred white Syrian hamsters from two different suppliers yielded similar observations. In this regard, the reports (5; J. J. Trentin, personal communication) confirming our observation were obtained with hamsters from still other suppliers.
The cell type employed to produce the virus and the relative purity of the viral inocula do not seem to be important factors. Virus grown in HeLa or HEK cells yielded similar findings. Removal of the media and cellular components from the virus preparation by CsCl banding of the virus did not alter the susceptibility difference.
The crude virus pools were free of pleuropneumonia-like organisms, as determined by in vitro culturing techniques, and were apparently free of adeno-associated virus as determined by electron microscopic examination of infected cells and of pelletized virus.
The influence of the route of injection (14) was not explored extensively in these studies. However, the communication from Trentin indicates that the difference is apparent regardless of route. Our results with intravenous injection are also indicative that the route of injection is not of major importance.
Since it seems that the above-cited extrinsic factors play little or no apparent role in inducing higher tumor incidences in female hamsters than in males, it appears that the determining mechanism is host-mediated. This conclusion has incited extensive investigations of the influences of sex hormones on adenovirus-12 oncogenesis; these studies will be reported in detail elsewhere. A preliminary report (Yohn et 
